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CKJL J® <4& 
Gear Forces 


(The Components of Gear Forces ) l $ j $ v^U^ 


S^ikVI (jt Bj3 A Jj,w*n AjjULo JjJasVI 


SiC- (JLslSVI ^3 l^ol^kjjuol ^aJJ cAjj<x\\ fi^A . ^g V^\l 


.^cJl ^jjjULg 


(Friction Losses) :dt£i*V! Cj bjSa 

c^tajss jj^j (Bevel) ajlLjj^II ^(helical) A^jjkJI ‘(Spur) aL*JI chjj^' 

lg-i3 l_l^j CjVI^> cililiA .100% S*lftfL (J-osu (jjjjjjll a3A jLnol ^jj i~ n^j Ia^> SjjJtj^a 5 jlc* 
^3 JuljJ aJU. ^3 L£ 1*1^ ^jiu^a Ajl aJ^IxJI ^jjjjjjlII ^3 I ^)Lnol 

.(Planetary Gearing) ajl£Ij£1I 

^jj La B^lc. AjI Loj ^Aujj^L^Jlj AjlLjj^JI 4AJ*1xJ 1 3c.li£j C-Lau] AjJjJiII (jjojjlll <jj£j La 3^lc» 

• Aj^j^II ^_ic« BjaII >A^3 ^jLbud^ Jl ^ dlSa^VI ail 

(dUaf (1) Jiill) (Spur Gear Force Components) : Jjadl <>“pl SjS CiUjL# 

.ajla a 11 jiaS t. g>^-~>~i = 1' j fjc. ]VIj; cl ij's i F f = M t jv c^IaiIaa!! Sjflll (1) 

.JaijJall 4jjjj C5^ ^ cilia, i F y = F f tiin <f) t4j_}iaftll L-i^aill jl 4lJ' . sys'^i 1 Sjflll (2) 
.(jJjlJI j Zj* jaJi <^aia Luh (jj£j (radial force) AJjlaall uL^i Sjflll jl Jaa.V 
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(1) 


(2) JiA 


(Helical Gear) oj>UI 


cilltik .JaiuJall 4jj\j lJsjjxj ^lc. IJlLalc-l (jjj&jjiaj Sjilt CjUjfLa ^jj 

(JjoLi 3 ^aJJ (2) J £-a A^IaIaII (Jjpjouiil ^3 (J) JaiuJall Ajjjj ^jjjLi 3 ^aJJ ( 1 ) — I 

.(3)j (2) (JI^juoVI ^lajl .4>LuJl A^LxILa LgjluiA ^3 (j) n JaiuJall Ajjl} 


4 AaLjlLo (JjjluiA ^3 JaiuJall Ajjjj ^jjjLi 3 lij (1) 


•((2) jsai) 


. /^ = Mjr <ajuoLoa 11 Bjill j a 
.F r =F t tm(f) (separating force) SjSlt /b 

• F a =F t tma (Thrust force) Bj3 /c 


.(JjojjII Sj3tn\1 ^}Ja3 L. flx. sy\ — r ~ l C Ij'N 


. JiJ 2 ^ l$J1uu± ^3 <juj\JLa JaiuJall Ajjjj — (j) 


. a Ajuolio Ajj\j — CL 
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JfLill) — : Cjljjflxdl <jj£j 6 AaUlLg (j;Ji jou* JaiuJall AjjIj (JjjLiS lil (2) 

•(( 3 ) 


. F t =Mjr 4 AjjjoL<ui 1I Sjtfl /a 

. F r = F ' tan Sj21l /b 

cosa 

• F a = F t tan a Bj§ /c 

AaIaIa (J^Luax ^3 AjuoULo JaiuJall Ajjlj = (/) n ~ • <' 


. AjuoULo 4jjl) — (X 



(3) d&» 


aJI CjIaL^jV £jjl cillliA jliJ Ajj filajl ^Ac. A-cjju 4jljl3a 11 Bjill dlaul 

4£>1ja1 ( 4 ) cJ^joJI l^JjJajJ ^jj jljjAil CjIaL^jIj ^jjjjjjiS Aillj C5 -1 a2I 

(jH\ dAA fjA ^SaII aUul fjA*.\Hi ajISII jljjAll -(thrust) ^saII aUAl ^ 


• A.^1a J 
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Driver Driven Driver Driven 




Driven Driver Driven Driver 


(4) 


(Straight Tooth Bevel Gear ) jj qaJH] 

(5 (cl)) lMI B^ill CjljjflA 

. T ^)io3 c Aj^aJ JajuajJA AlC- Jaju lAjLn£.l B^aII b^A . F ; = M f /V 4 AjjojIaaII B^aII j cl 

AdlL^aA^I BjSlI .JaiuJall Ajjjj ^A (j) C 1j*N . F r = F f t3.Il (j) 4 AjlII j^aAjV 1 BjaII ^b 

<Fp (jj)J nti BjAJ ^ajojJj QjfuW Ji^aC- (JjJa C5^ Ajj^a $ 


• Fg BjAJ ^ajojJj ^jjojjlII *^aC« a C5^ 



(5(a)) JSA 


*cs^ (5(b)) l^jjjajj |»jj tAjl^Lull sa^IslIaII 
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^A Mt d1j*s iV Jj/nW C- JajudjILa ^Ac« (_,i-^*j . F f = M t jv 6 4juujLoa 1I Sjill jdi 

SjlaaJI 4 jj]) <^a (5 • F p = F t tm(f>smj 3 < (thrust) iyl\ /b 

. jjjiAl (pitch cone angle) 

. F g -F t tan^cos/? SjaII /c 



(Spiral Bevel Gear) -r^jlM) 

— :SjiUl ljUj£a 

. ^jxll jA Mt i F f = M t /r ^-A r ^}Ia3 c i Jajuoj!La Aio <JjujLoa1I S^aII 

^ic. IjL<uC.I (J^)laJ Ig \c> J±vul\ Fg (jjojlll SjaIIj Fp UjJllll S^aII 


^3 AjuoULo () ^ JaiuJall 4 (Jj)j\M 4 jljl3*i1I (JJ^aII .JaiuJall Ajjjj ^jjjLi3 


i.e.) (c—ii^iil) ujji^ (d ^11 a (6)) ^3 l^^jjjajj ^jj aJjuJI a^IaI* 

— I^-A CjIaI^jVj ((J^jouII Jull 

.^jjil AjlslSJiII BjaII = Fg ■ Ujj\^ AjlslSJiII SjaII = Fp 
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.r 6JajojjlA SiC- L > i u*n ^IlSI AjuuoLoaII 5jill — Ft 


.A-Luoll A^LxILq (J^Ajuu* ^3 AjojULg AjjuJI -\\x x>i — (j)^ 


(Pinion pitch angle) -dj±^ 3Ajjjj — P 


.(Pinion spiral angle) -uj^' (4 -^) ujj^ ^j]3 = y 



tan<£ n sin/8 


= f(- 

t\ cosy 

( 


- tany cos 


p) 


„ /tan<£_cosi8 \ 

F g = F t\ cosy— + ‘">y sin^) 


Case I 

Pinion (Right Hand Spiral) 


Gear (Left Hand Spiral) 


Driver 


Pinion 


Rotation 

(CW looking to right) 


Driven 


Rotation 


(6(a)) JSi 


Case O Gear (Left Hand Spiral) 

Pinion (Right Hand Spiral) 



(6(b)) JSi 
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Gear (Right Hand Spiral) 


Case III 



Case IV Gear (Right Hand Spiral) 

Pinion (Left Hand Spiral) 



(6(d)) JSi 




Midpoint 
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^aJJ A-llLaJ lil ‘(7) cJ^Juill ^gi ^jJa^a Ig g J*NjJ ^aJJ (.£^1 CjjI^ lil 

^JJXJ ^jj 3 BjJa^ ^jx^ViC. A^txILa (_£jJjoui ^3 (J) JaiuJall 4 jj]j ^jjjLi 3 lil 

^a eliast-all dlV-^bi-all 


tan ^ = tan 


t 


cosy 


(Worm Gearing) 

^jjj (_i-osu ^gUll AjlI^LuII BA^IjlIaII cA^lt 


^g.io ^j*JI — M t ^gAo <jjujLoa 1 I BjSll — /^ ( 


(worm) 


4 F 


t(worm ) 


■M,/r w (1) 


Sj3o*n ^)ia3 L-Aj^aJ — 


T? — 17 

1 t(gear) 1 t(worm ) 


^-/tana/cos^ ^ 
tana + //cos^ (J 


( 2 ) 


F t ( H ear) ~ Ot)^ S J^' 

f = cill£^VI lUI^ 


CL — (l£^J^ (jjjjail (jj^laJI Ajjjj (Jba cs^) 4 jj|) 

^ lead (ajltiJI) iln^ tan a = lead/( 7 rD w ) <j-a ^.jiSUI Ajj|) -sUJ ^b 

(JjjJj-all jjl .eJjbll ^jjaS _jA D\y _$ oJjbll (Jjj^^all ^2 'Jj^- 2-»^ sJljUl 

• l£Aj^ aj Ut -x U LjjLuui a2jbll • «dt 


(f) n = 4_iui]l £-a -Lal*ILa i jJi 4_ujljLa .XttLiLall JajuJall Ajjjj 


(^bj J JOb cJjll 20 °j £j^> lJjII 14-J° a2U) 
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,4-aIL^ajVI Bjill F r 

^ JaiuJall AjjI; .AjJjjJl L-lIjill Ajj qIjjAI] CjIaL^jV ^jJajJ filial (8) 

(Jjjluu* ^3 AjujULo (j) n JaiuJall l^JaJj ^Ac< (jffi'Nj ^£A]| (J^pjouAl ^3 AjuoULo 


. tan^ n /cosa aJOUAIj B^jaII l_aSj] ^ 

Case I Case II 

Driver; Worm (Right Hand) Driver; Worm (Right Hand) 



(8(a)) (8(b)) 


Case III 


Driver: Worm (Left Hand) 



(8(c)) JSA 


Case IV 


Driver: Worm (Lett Hand) 



(8(d)) JSi 
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(Forces in Planetary Gear Trains) -:4 jjSIjS1! ££LjA*j£a l£j&1 


AJjujLujVI Igjic ^aJJ 


circulating ) spill ^ 4ju£1j£J 1 ^jjjll U^Ijj JjL*a11 

4-laJjuaJJ (jfLoJ ^aUaj l^flA jLa ^xlAj^aJ . Bj^3 J^l jl c)3l Uj^ (jl ^Jlll ^(pOWCf 

.4jiC^) 3 ^JaLnol ^UaJ ^jJajJ filial (9) (J^juiII .4_1juj11a CjVJiLsl^ (J^niadJ 


4 lAjUaol ^aJJ Spill A-ljudJ 




Hi-ft) 


1 - r 


tl jjuqUxII 4jj1)11 cAcjjuJI l_jjjjj1I J <: R = Cl)Jc 0 3 4 r = &> 2 /ten 


• filial pJ L£ 3 J 2 


.(10) ^Jjil Cjvlill AjluoLuoVI ^j^alisLll <Jpl 

^aUaill ^11 BjjuoLlo ^jjojjJI qa Ja&jauJl ^)ljJlil \\ (3) \\ C-ijjJU pJ 

jg ^ 

^jiasu 3^)jl^ £-a Vl^ajl 4J (_£^ll (^^JjJajlll (Jl^-oll ^3 C^JJJplI) ^-2kj\JLll 

JaLujJ ^jJjuojjII *la.l Oj& Cjl C£^l CjVI^- ^3 ^A 3 111 CjVI^II 


•C5^' Cy* 


(^^11 t^Ualll ^jLk ^-1) <ppll (jjyJill L) -0 3aLouill ^jx^nlx\\ c*lli ^A LojIj (jjjfilui 1 11 

.Ajicp 3^)jta 4 JajujjjJ 2_)V^All ^j^aixJl ^J1 >L^a^a 
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L y* jt Bjjill <J5 ju (_£bll jjJaJtJI tblli ^A LaJb (j)j^lui 2 ^j^aixJI 

jA C (jjojlill .^Uaill ^jl_k (y* jl SjjuiLlg 3jb§ (Jib V Aifllj 4 <jLC^)il -XvJl B^jlb 


. JtLdll 1 ^jA«Via \\ ^A 62 ^j^aixJI ^A B (JjoJJI 6 3 ^j^aixJI 


C 5 ^ *Pcir. tAjjJjJull Sjball 


p ar = rP 3 


.3 


^x^aiaJI ^gA P3 iAjIIc. IgAJ^su |»jj y 


.2 
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( 10 ) 


JjLuu) 


(jjojiill . ajlIc. JnixA)^ 200N.rn ajjJ 1 Omm ^laaj Jjic. (jj^L j 1 

. jI^a ^jJa jj F r AjlII Sjillj F|- AjjojLoaII 3^£]1 .20° JaiuJall Ajjjj .250lTllTl Ajla 


:JaJI 


F t = M t / r = 200/ 0.05 = 400QV 
F r = F, tan (j) = 4000tan 20° = 145SV 

AjjI^aI L> L-LLujJ ^Ac» AjuaLoaII (jl -.filial (11) cg^t ^aJJ 


.(jjjmll J)£^)a ataul (jjjnW A-2L^aAjVI Aasljj ^jjj tJaLouill ^a)*JI 
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J^U. 600rev/min 3kW spa AJa*J 1 I JjaLay <(12) £>=^9 /2 

_jA C (idler) - 1 *>j>« j (_pp B . 4 x.LjJI olu - ^ oL^jI ^a jjAjj e^j-ac. 

^apJI (1) Jl-li. . (^jo^) 1I ^ lg ^J ‘pj It i^axJ 20° (_jLiu50 • pjidi 

Sjflll (3) ^(jjjLojall ~j aj . ^»" 4_i pj 4jjuJI ^Ic. (2) > 1 £j <■ - 

. jjjjpll 4_iuj (JL<ta.V ^ T^j"(idler Shaft) ‘ ■<jll a^a*JI A lalmdl 

:JaJt 

Da= 35 x 6 = 210 mm jUaal (a) 

D b = 65><6 = 390 mm 
Dc= 45 x 6 = 270 mm 

‘A (jjjpli ^glc. (b) 

T a = (3000x 60)/(600x lit) = 47.8A.m 

T b = 0 tB (JJplI ^jic- jajdl 

T c = 47.8 x 45/35 = 61 AN.m lC o*J ill Jc. ? >ll 

600(35/45)rev/min a&j^ C jjAj 

F. = ^- L = = 434/v Jt^Ul5jii!l(c) 

? r 0.105 - ^ " ' ’ 

F r = F r tan cj> = 434tan 20° = 158/V 4 A AjlIL^iajVI Sj2ll 

^9 iCj B (jjojjiill Bj A i~ vw" AjJL^aajVI SjJiljj ajjuoLoaII s^ill ^oaj ^d) 

•434N jjLuaJllI > 1 ^ ^xlAj^aJ AjJajojtjJ l^J 4_LuJl ^Ac< ) 
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^ic. 4 ^11 c-j/'-v ^Jt, £ ^ic. 4_lalud»all Sjflll (1 ) 

:Cj A B 


F b = ^2(434+158) 2 = 837 iV 




( 12 ) 
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:uL3$-4i) <j& Sip 



^_3 A ijAAJ Uj (jIaj! juj ^ x>^)aJI a^a <aI_juj1 

AjuoJu^JI AjK A-^ajI^lq AjuoJIaA jU> .^1966 


A_2kjJ ^-lc« 1 x>ajl (J Vi .^1990 ^»1-*JI ^3 Sjjl^C. — Aj^juI^iaH 


^jJjlII <jl Jj_juJ1 A_jlaI_2v ^j_a A j^j^^aII A-jujAa^ 11 ^_3 <jjaIjjjjlt£il! 

A-2^p ‘ ^1998 <^3 ^ajia^kll — llSk ,j\ j^Mlj 

— (J-nll L^^lj A-jlaI^ J)1^21 Ifpul^jA ^3 ^juai'nIaII 


^jjaaj^aIIj ^>li .^2017 ^-3 clpll L5^b (j-* al^jJ^llI A_2kj^j ^2003 ^»1-*JI ^-3 bj\l~xC* 

A_jjjjl11 AJlIIIj Lt£ ( jia^a ^j_a AjLlIIjI Ail_jJaV9 6 JVlj CjLjl-gI^JI AjAjlII ^_3 

A-AaIIc. CjvL^-aj ^)juaj ^3 BjjjuUa AjaIc. Aijj ^jjjuaA-kJ AiLjaV9 AjjjI^jV 1 AjlIIIj B^juojlSj 

4^1x11 ^jLa]| 6Jpjua^L21 L_J>LL ^A c ~ 1 ^J A-jIaJ>Ij (JJ* Jj£l C5^° ^1>^S 


A-JU&aIIj A XX),Vlg 11 A JKj I^KjaII ^audflJ JlC-LudA itjLuol AijJoj (Jijujj . ^LxJl ^ij^lj 4 ^JAjJj^ll^lll 


A_ao 1_lj^^1I A AiaI L ^JAjjJl ^J^XA 1 (J^LjuoJjuoI^ A—LulI Ail x>)V 1j .J_ia 11 (_£jlj A_jlaI_^ — 

(3-31^11 BJLaC-I A_Iajp*J Aj jujAa^ 11 ^JLaSJI (jfijj A-C.ja*na! ^_l3 ^J.Va^ A IaC. L_Ljlpj 1 JL& .Sj-jJaC. 


. 4aUJI AJa|p*Jlj CjljlpuJI CjIj1j)J^xx)|j 
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